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0 An apparatus for cancelling television fading interference. 



® A television fading interference-cancelling appa- 
ratus (100) includes two sets of TV antennas (11: 
12), a subtracter (14). and adder (13). a variable 
gain/phase controller (16: 17; 18) and digital fading 
cancelling means (20; 30; 40; 50). The digital fading 
canceiiing means includes at least a fading signal 
component remover (30) and a maximum value de- 
tector (40). The fading signal component remover 
(30) receives a subtraction signal (A) from the sub- 
tracter (13) and digitally averages this signal (A) to 
remove the fadmg signal components contained 
therein. Then the maximum value detector (40) de- 
l^tects a frequency signal having a maximum vaiue by 
^selecting the digitally averaged signals. This fre- 
quency signal is used in the variable gain/phase 
[^controller (16; 17; 18) to control the gain and phase 
^ shift of a desired TV signal without having adverse 
influences by the fading interference signals. 
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An apparatus for cancelling television fading interference 



The present invention generally relates to a 
television interference-cancelling apparatus for use 
In a television relay broadcasting station and, more 
particularly, to a television fading noise cancelling 
apparatus provided at a receiver end of a broad- 
cast transmitter employing two separate sets of 
receiving antennas. 

In general, in addition to television signals 
transmitted from a desired major television broad- 
casting station, unnecessary TV (television) inter- 
ferences are mixed in tiie reception TV signal band 
of the television relay broadcasting station. These 
interferences may cause picture disturbance as 
beat interference and beat notes, resulting in dete* 
rioration of the TV broadcasting. Therefore, they 
need to be removed from the received TV signals. 

Various kinds of methods have been proposed 
as a method of removing such interferences. 

Practically, a number of interferences are in- 
coming to a receiving antenna from various direc- 
tions (incident angles). In particular, the interfer- 
ences caused by reflection in the sporadic E-layer 
of the ionized layer or ionosphere are. in general, 
propagated over a long distance, so that they are 
called a "fading interference" in that their signal 
levels vary at a time period on the order of 0.5 to 
10 Hz. In fact, a number of such fading interfer- 
ences exist and are received by the receiving an- 
tenna through different signal propagation paths, 
respectively. Thus, in many cases, the fading 
periods of the respective interference signals differ 
from each other. 

Therefore, in view of the currerrt situation, a 
sufficient effective method of solving such fading 
interferences has not yet proposed. 

it is therefore an object of the present invention 
to provide a television interference-cancelling ap- 
paratus which can effectively remove a plurality of 
interferences, whose signal levels change at dif- 
ferent fading periods, from the received television 
signals. 

Another object of the invention is to provide a 
television interference-cancelling apparatus in 
which only one interference having the maximum 
signal level is detected from a pluraTity of interfer- 
ences, whose signal levels vary at different fading 
periods and the detected interference can be can- 
celled from the received television signals. 

The above and other objects of the invention 
are realized using a television interference-cancel- 
ling apparatus comprising: 

a first antenna for receiving a desired television - 
(TV) signal to derive a first television (TV) output 

signal; 

a second antenna positioned apart from the first 



antenna by a predetermined distance (d) and di- 
rected to the same direction as the first antenna, 
for receiving said desired TV signal to derive a 
second television (TV) output signal: 
5 a first adder for adding the first TV output signal to 
the second TV output signal to derive a summation 
signal (<); 

a subtracter for subtracting the first TV output 
signal from the second TV output signal to derive a 
10 subtraction signal (A) containing a plurality of fad- 
ing interference signals; 

a signal searching circuit for searching said sub- 
traction signal (A) to detect said plurality of fading 
interference signals in a digital form; 

75 a fading signal component removing circuit for re- 
moving fading signal components from said plural- 
ity of fading interierence digital signals by digitally 
averaging said plurality of fading interference digi- 
tal signals to derive a plurality of fading-less inter- 

20 ference digital signals; 

a maximum value detector for detecting a maxi- 
mum value from said plurality of fading-less inter- 
ference digital signals to derive single digital data 
having said maximum value; 

25 a frequency signal generating circuit for generating 
an analog frequency signal corresponding to said 
single digital interference data having the maximum 
value; 

a gain/phase controlling circuit for controlling an 

30 amplitude and a phase of said subtraction signal - 
(A) supplied from said subtracter, based upon said 
single digital interference data having the maximum 
value to derive a gain/phase controlled subtraction 
signal (A'); and 

35 a second adder for adding said gain/phase con- 
trolled subtraction signal (A') to said summation 
signal (e) so as to cancel said fading interference 
signal from the desired TV signal. 

For a better understanding of these and other 

40 objects of the present invention, reference is made 
to the following detailed description of the invention 
to be read in conjunction with the following draw- 
ings, in which: 

Fig. 1 is a schematic block diagram of a 

45 basic circuit of a television Interference-cancelling 
apparatus according to the invention; 

Figs. 2. 3A, 3B. and 4 illustrate relationships 
between the incoming TV signal and the interfer- 
ence signals; 

50 Fig. 5 shows a frequency spectrum of the 

TV signal and the fading interference signal u1 to 
u3: 

Fig. 6 is a schematic block diagram of a 
television interf rence-cancelling apparatus accord- 
ing to a preferred embodiment of the invention; 
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Rg. 7 is an internal circuit diagram of the 
fading signal component remover shown in Fig. 6; 
and 

Figs. 8 and 9 illustrate how the fading inter- 
ference data are stored in the RAM and the rel- 
evant latch and buffer. 



Basic Idea 

Before proceeding with various embodiments, 
a basic idea of the Invention will now be sunnma- 
rized. 

Referring now to Fig. 1 . a first antenna 1 1 and 
a second antenna 12 are separated from each 
other by a distance of "d". This distance "d" 
corresponds to one wavelength (X) of a desired 
television (TV) signal "A". First and second anten- 
nas 11. and 12 are aligned with a straight line 
perpendicular to the propagation direction of the 
desired TV signal "A". Accordingly, first and sec- 
ond antennas 11 and 12 can receive the desired 
TV signal "A" In phase and at the same signal 
strength. On the other hand, among a plurality of 
interferences, an interference signal "B" which is 
incoming at an angle e with respect to the desired 
TV signal "A" is received with a following phase 
difference <t> (see Fig. 2). 
^ * ^"gP dosing, 

where, "c" is a velocity of light, "f" is an interfer- 
nce frequency, and "d" is an antenna distance 

Accordingly, the desired TV signal "A" re- 
ceived by antennas 11 and 12 is expressed by 
vectors A, and Aa, respectively, as shown in Fig. 
3A, whereas the interference signal "B" received 
by the same antennas 11 and 12 is expressed by 
vectors Bi and B, as shown in Fig. 3B. 

Specifically, the interference signal "B" will be 
described with reference to Fig. 4. The signal of 
vector B, is output from first antenna 11 and the 
signal of vector B, is output from second antenna 

12. By adding these signals in a first adder circuit 

13, the summation signal (<) of B, -«- B^ B, is 
obtained. On the contrary, by subtracting vector Ba 
from vector B, in a subtracter circuit 14, the dif- 
ference signal (A) of B, -B« = B4 is derived. Since 
the desired TV signals A, and As are received in 
phase and thus, the in-phase comp>onents thereof 
are cancelled with each other, the resultant dif- 
ference signal (A) consists of only the interference 
signal compxDnents. In this case, the levels or am- 
plitudes of the interference signals output from first 
and second antennas 11 and 12 are substantially 
equal to each other, since distance "d" between 
both antennas 11 and 12 is selected to be on th 



order of the wavelength of the desired TV signal A. 
Therefore, sum vector B, and difference - 
(subtraction) vector B* always intersect perpendicu- 
larly. 

5 The above description has been made of one 

kind of interference that is incoming from a pre- 
determined propergation direction. 

However, actually, a number of interferences 
are incoming to antennas 11 and 12 from various 

10 directions. In particular, the interference that is in- 
coming by being reflected by the sporadic E-layer 
is, in general, received with a long distance propa- 
gation, so that it is incoming as a "fading wave, or 
fading interference" which varies at the period of 

75 0.5 to 10 Hz. Further, a number of such interfer- 
ences exist and are incoming by way of different 
propagation routes, respectively. Therefore, in 
many cases, these interferences have different fad- 
ing periods. Fig. 5 shows an exanriple of such 

20 interferences. That is, Fig. 5 illustrates a frequency 
spectrum distribution of difference (subtraction) sig- 
nal (A), in which "f denotes a residual picture 
carrier, "fg" is a residual color subcarrier, "f^" is a 
residual sound carrier, and "ul" to "u3" represent 

25 interference signal components, respectively. The 
levels of interference signal components "ul" to 
"u3" vary at the different fading periods as in- 
dicated by broken lines 10. respectively. 

On the other hand, returning to the diagram of 

30 Fig. 1. this interference can be removed or can- 
celled by the following manner in the ideal case 
where it consists of only the interference signal "B** 
as mentioned atx>ve. 

That is, difference signal (A) or the vector B« is 

35 amplified to a predetermined amplitude in a vari- 
able gain amplitier 16 and the phase of the am- 
plified signal is further shifted by 90* C in a variable 
phase shifter 17, thereby producing a signal (A*) of 
a vector Bs ( = -Ba) as a vector opposite to interfer- 

40 ence vector Bj of sumation signal (<). Therefore, by 
adding signal (A') of vector B» to summation signal 
(c) in a second adder circuit 15, the signal consist- 
ing of only the desired TV signal from which the 
unnecessary interference signal components have- 

45 been removed can be finally obtained. 

However, if a numt)er of interferences having 
different fading periods are present due to the 
reflecting function by the sporadic E-layer of th 
ionized layer. It is necessary to detect the interfer- 

50 ence having the true maximum level in accordanc 
with, for example, the fading periods of interference 
signal components u, to Ua as shown in Rg. 5, 
D scribing in more d tail with reference to interfer- 
enc s u2 and u3 in Rg. 5, the signal I vel of 

55 interfer nee u3 may be larger than that of u2 at a 
giv n moment. Therefore, if the for going 
interfer nce-cancelling process would be ex cuted 
on the basis of only int rference u3 being d tected 
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at that moment, a beat interference due to interfer- 
ence u2 having the inherent (true) maximum signal 
level could be caused, so that the quality of the 
received TV signal will deteriorate. 

The present invention has a feature such that 
such a problem can also be solved. 

A television interference-cancelling apparatus 
according to the invention is featured by the follow- 
ing arrangement. 

The summation signal (c). and difference - 
(subtraction) signal (A) are obtained from the re- 
ception signals of two antennas 11 and 12 ar- 
ranged at a predetermined distance "d" in first 
adder circuit 13 and subtracter circuit 14. respec- 
tively. Next, a plurality of frequency signals (i.e.. 
iriterference signals) included in the difference sig- 
nal are searched by a signal searcher 20 within the 
television reception band. The signal levels of the 
respective searched frequency signals obtained by 
signal searcher 20 are converted to digital data. 
The searched digital data is digitally processed in 
the fading signal component remover 30, For in- 
stance, the digital data at every frequency is 
digitally added by a fading signal component re- 
mover 30 and the added data is divided by the 
total number of digital data, thereby removing the 
fading components from the searched data. Fur- 
ther, the maximum value among the digital data 
obtained by fading signal component remover 30 is 
detected by a maximum value detector 40. Then, a 
frequency signal corresponding to the interference 
data obtained by maximum value detector 40 is 
generated from a frequency signal generator 50. 
The gain and phase of the subtraction signal are 
controlled by use of the frequency signal produced 
by frequency signal generator 50. 

The above-described difference signal obtained 
from subtracter circuit 14 is supplied to variable 
gain amplifier 16 to be amplified with a predeter- 
mined gain. Further, the output of amplifier 16 is 
input to the variable phase shifter 17 where its 
phase is shifted by a predetermined phase amount. 
The resultant processed difference signal A' and 
the summation signal e from first adder circuit 13 
are added by second adder circuit 15. The output 
of this second adder circuit 15 is fed back to a 
•gain/phase controller 18 and the frequency signal 
of the interference having the maximum level de- 
rived from frequency signal generator 50 Is also 
supplied to controller 18. This, gain/phase control- 
ler 18 controls the gain of variable gain amplifier 16 
and the phase-shift amount of variable phase shift- 
er 17 on the basis of those two input signals, 
thereby eliminating th adverse influence on the 
desired TV signal by the fading interf rence signal 
component. 



It should be noted that the amplitude, i.e.. gain 
information, is included in the added signal from 
second adder circuit 15 and the frequency. i.e.. 
phase information is included in the frequency sig- 
5 nal from frequency signal generator 50. Gain/phase 
controller 18 executes the foregoing controls on the 
basis of the gain and phase information. 



10 Arrangement of Interference Canceller 

Refenring now to Fig. 6. a description will be 
made of a television interference-cancelling appara- 
tus 100 according to a preferred embodiment. 
75 It should be noted that the same reference 

numerals shown in Rg. 1 will be employed as 
those for denoting the same circuit elements shown 
in Fig. 6. 

First, signal searcher 20 to search the dif- 

20 ference or subtraction signal (A) from subtracter 
circuit 14 includes an oscillator (OSC) 21 which 
oscillates at a center frequency fc with-in the TV 
reception frequency band. The output of oscillator 
21 is supplied to both first and second digital 

25 voltage-controlled oscillators (VCO) 22 and 52. re- 
spectively. Second digital VCO 52 is included in 
frequency signal generator 50. First digital VCO 22 
accurately increases or decrease the above center 
frequency fc of the oscillator signal' in accordance 

30 with the frequency data from a sweep signal gener- 
ator 25 and outputs analog signal having a "fre- 
quency range of (fc ^ Af). The output of digital 
VCO 22 together with the subtraction signal (A) of 
subtracter circuit 14 is supplied to a frequency 

35 converter 23, The signal searcher 20 is constructed 
of the oscillator 21 . first digital VCO 22, frequency 
converter 23 and sweep signal generator 25. 

Frequency converter 23 includes: a mixer 231 ; 
a low-pass filter (LPF) 232; a sample/hold circuit - 

40 (S/H) 233; and an analog-to-digital converter (A/D) 
234. After the output A of subtracter 14, namely, 
the difference signal consisting of only the interfer- 
ence signal components has been mixed to the 
output of digital VCO 22 by mixer 231 and 

45 frequency-converted, the unnecessary harmonic 
components contained in the converted signals are 
removed by LPF 232. The resultant filtered signals 
are converted to the digital interference data by 
S/H circuit 233 and A/D converter 234. The r sul- 

50 tant digital data is sequentially transmitted to fading 
signal components remover 30. 

Fading signal component remover 30 is con- 
stituted, by what is so-called "a digital filter" com- 
prising a memory to temporarily store a predeter- 

65 mined number of digital input data, a digital adder 
to sequentially add the respective data stored in 
this m mory. a divider to divide the output of this 
adder by the number of those data, and the like, as 
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will be explained hereinafter. By updating the data 
stored in the memory to the latest data in accor- 
dance with the oldest data and by adding all of the 
stored data at that time and then dividing the 
added data by the number of stored data, the s 
interference signal amplitude data from which the 
fading signal components have been removed is 
detected. In other words, the averaged values of 
the stored data are digitally derived from the fading 
signal component remover 30. The fading-less in- to 
terference signal amplitude data are sequentially 
supplied to maximum value detector 40. 

Maximum value detector 40 detects the maxi- 
mum value from among all of the input fading-less 
interference data and allows the single frequency is 
data having the maximum value to be stored into a 
frequency memory 54. The fading-less interference 
data stored in frequency memory 54 is transferred 
to second digital VCO 52. Second digital VCO 52 
frequency-converts signal fc from oscillator 21 in 20 
accordance with the fading-less data stored in fre- 
quency memory 54, thereby outputting the fre- 
quency signal corresponding to the interference of 
the maximum signal level. This fading-less interfer- 
ence frequency signal is supplied to gain/phase 25 
controller 18 instead of difference signal (A) from 
subtracter circuit 14. 

Namely, television interference-cancelling ap- 
paratus 100 first detects the fading-less interfer- 
ence having the maximum signal level from the 30 
interferences included in difference signal (A) of 
subtracter circuit 14 and secondly cancels it. To 
this end, the frequency signal of the interference of 
the maximum value is accurately detected. 

35 

Overall Operation 

Referring back to Figs. 4 and 6, overall opera- 
tion will now be described. 4o 

The desired TV signal "A" that Is incoming to 
two sets of antennas 11 and 12 is, in general, the 
TV signal in the VHP band. Therefore, the fading 
phenomenon is most likely to occur due to an 
adverse influence by the sporadic E-layer of the 45 
ionized layer. 

The desired TV signal "A" and interference 
signal "B" are simultaneously and/or randomly in- 
coming to antennas 11 and 12. The TV output 
signals of both antennas are added by first adder 50 
circuit 13, so that summation signal (t) is output 
therefrom. Difference or subtraction signal (A) be- 
tween these TV output signals is taken out of 
subtract r circuit 14. The desired TV signal compo- 
nents of two TV output signals are cancelled with 55 
each other and are not contained in difference 
signal (A), since antennas 11 and 12 are arrang d 
at a predetermined distance "D". Thus, only a 
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plurality of interference signal components are In* 
eluded in difference signal (A). The fading compo- 
nents of ail of the interference signals are first 
removed in order to detect one interference signal 
having the maximum signal level within a predeter- 
mined period (namely, the signal generation period 
corresponding to the whole capacity of the mem- 
ory) from the interference signal components. Next, 
one interference signal having the maximum signal 
level is taken out for a predetermined period from a 
plurality of interference signals from which the fad- 
ing components have been removed. 

The at>ove fading remover operation will now 
be descrit)ed in detail. Rrst. the frequency data of 
sweep signal generator 25 is changed at a pre- 
determined time interval in, for example. 256 steps 
of 0 to 255. Thus, the output of first digital VCO 22 
is sequentially swept from the lowest frequency to 
the highest frequency within the TV reception sig- 
nal band. The output of second digital VCO 22 
together with difference signal (A) derived from 
subtracter circuit 14 is supplied to mixer 231 of 
frequency converter 23. thereby allowing the fre- 
quency spectrum of the fading interferences to be 
searched. 

In mixer 231, when difference signal A is syn- 
chronized with the frequency signal from first digi- 
tal VCO 22, the synchronized signal is converted 
to, for example, thirty-two digital data by S/H circuit 
233 and converter 234 through LPF 232 and 
sequentially transferred to fading signal component 
remover 30. 

In remover 30. the frequency search is -ex- 
ecuted in 256 steps as mentioned above. Assum- 
ing that each of the synchronized signals is divided 
into 32 digital data, the data which is sequentially 
input is stored into the memory having the memory 
capacity of 64 kbytes into the addresses as many 
as total 8192 256 x 32) consisting of 0 to 255 
addresses for every frequency and 0 to 331 ad- 
dresses in accordance with the sequence from th 
old data at each frequency. Among the 0 to 31 
data at each frequency, the single oldest data is 
pulled out for every jsearchtng operation and th 
single latest data is stored. Namely, the data is 
updated. Thus, thirty-two (32) sets of data are 
stored from the latest data to the old data. In every 
step, each time one data is updated, the addition of 
thirty-two data is performed by the digital adder 
circuit. The added data is divided by 32 by the 
divider. Namely, the average value is digitally ob- 
tained, so that the interference amplitude data from 
which the fading signal components were removed 
is derived. The above operations will be described 
in detail hereir^fter. 
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The resultant fading-less interference amplitude 
data is transferred to maximum value detector 40. 
This detector 40 detects only one frequency data 
having the maxinnum value within the range of the 
frequency sweep steps 0 to 255 and sends it to 
frequency memory 54 and allows this data to be 
stored therein. Thereafter, the data stored in mem- 
ory 54 is transmitted to second digital VCO 52. The 
oscillation frequency fc of oscillator 21 is converted 
under control of this data, thereby allowing the 
signal having the frequency corresponding to the 
frequency of this data to be oscillated. Thus, the 
frequency signal which coincides with the fading- 
less interference data having the maximum signal 
level can be obtained. It is understood that the 
fading signal components are not contained in this 
frequency signal. 



Fading Signal Component Remover 

Detailed operation of fading signal component 
remover 30 according to the invention will now be 
described with reference to Figs. 7 to 9. 

As described above, fading signal component 
remover 30 is the circuit that performs the signifi- 
cant function in television interference-cancelling 
apparatus 100 of the invention. The main function 
is that a plurality of fading interferences included in 
the difference or subtraction signal are searched 
within the received TV signal band so as to detect 
the digital data of each of the fading interferences. 
A predetermined number of those interference data 
are added in each sweeping frequency step, re- 
spectively. The added value is averaged in a pre- 
determined calculation manner, thereby obtaining 
the digital average value. Thus, the fading compo- 
nent of the digital average value. Thus, the fading 
component of the fading interference of each fre- 
quency can be removed. 

Rg. 7 is an intemal circuit of fading signal 
component remover 30 shown in Rg. 6. 

Rrst, thirty-two sets of 8-bit input (fading inter- 
ference) data are sequentially input to a buffer 302 
at every fading interference frequency (in 256 
steps) from A/D converter 234 of frequency con- 
verter 23 shown in Rg. 6. The 8-bit data which has 
temporarily been stored In buffer 302 is read out 
by a timing pulse from a timing pulse generator 
304 and stored Into an RAM 310 of 64 kbytes 
through a first latch 306*and a first buffer 308. Rg. 
8 ptctorlally shows the state of storage of those 
fading interference data in RAM 310. 

When the fading int rference data is stored 
into RAM 310, th data is stored into a predeter- 
mined memory region on th basts of the address 
data generated from an address ROM 314 whose 
operation is controlled by a timing counter 312. 



Timing counter 312 is designed to be operable by 
the clock of 9 MHz. The fading interference data is 
written into RAM 31 0 in response to a timing pulse 
which is generated from timing pulse generator 

5 304. On the other hand, the fading interference 
data is also read out of RAM 310 in response to 
the timing pulse from generator 304. 

The storing operation of the fading interference 
data into RAM 310 will be further described in 

10 detail hereinbetow. 

As mentioned above, for the center carrier fre- 
quency fc of the received desired TV signal, the 
frequency changes to 256 sorts of frequendes 
within the range of -Af to +Af in correspondence 

75 to the sweep range of sweep signal generator 25 in 
this embodiment. The respective frequency data, 
for example, the 32 sets of fading interference data 
(B-bit data) at -Af^ax «n the case of the memory 
region at the left end in Rg. 8 are sequentially 

20 stored. In this case, the past fading interterence 
data which has already been stored in this most- 
left memory region is sequentially shifted upwardly 
in Fig. 8 as indicated by arrows 31 OA. 31 OB, and 
31 OC. The data is once read out of RAM 310 and 

25 Shifted through first latch 306 and first buffer 308. 
At the same time, the read data is input to an input 
tenninal B of an adder 316 and added. 

The previously added data is latched into a 
second latch 318 and thereafter, it is input to 

30 terminal of adder 316. Thus, the data is added 
and again latched into second latch 318. 

In this -manner, the added values of thirty-two 
fading interference data from the latest data to the 
old data are derived by adder 316 and latched 

35 therein. 

As described above, the thirty-two added val- 
ues obtained by adder 316 are supplied to second 
latch 318. From this latch 318 . a predetermined 
data value of the respective added values is suc- 

40 cessively taken out. so that the average value data 
can be finally derived. Accordingly, the 32 added 
values correspond to 2*. so that the five digit data 
is dropped from the LSB (least Significant Bit) data 
of the added data. Then the remaining bit data is 

45 the desired digitally-averaged data. 

Since the fading signal component has already 
been removed from each of the average value 
data, the maximum value is obtained from the 
average value data for the whole intervals of 256 

50 steps in maximum value detector 40 at the next 
stage. Namely, the average value data obtained 
from an ouput terminal Q„ of second latch 318 is 
directly supplied to a @ terminal of a comparator 
402 and also supplied to an @ terminal of com- 

55 parator 402 through a buffer 404 and a latch 406. 
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On the basis of those two input data, compara- 
tor 402 compares both input data and selects one 
data having the maximum value from among the 
whole averaged data (256 d-bit data) which have 
been collected within one sweep period, namely, a 
period of 256 steps. 

Thus, the one selected fading-less interference 
data having the maximum value is supplied to one 
latch 542 of frequency memory 54 and latched 
therein and also supplied to the other latch 544 and 
latched therein. The output data from latch 544 is 
supplied to second digital VCO 52 in Rg. 6. Thus, 
a desired frequency signal is oscillated by second 
VCO 52 and supplied to gain/phase controller 18, 
so that the fading interference can be cancelled 
from the incoming television signal for every sweep 
period. 

Since the fading-less interference data having 
the maximum value can be detected for every one 
sweep period, the fading interference is cancelled 
from the incoming TV signal in each sweep period. 
In other words, the amplitudes of the interference 
signals momently vary due. to the fading phenom- 
enon which always changes over time. Therefore, 
the present invention is characterized in that for the 
interference signals whose amplitudes momently 
change, the fading interference signal having the 
maximum value is newly searched for every short 
p>eriod. e.g., one sweep period, and the fading 
interference can be removed from the received TV 
signal on the basis of the searched fading Interfer- 
nce signal. 

Once the fading Interference is cancelled from 
the received TV signal, other interferences such as 
gain and phase variations may be further removed 
from the fading-less TV signal in the circuits 16, 17 
and 18. 

Rg. 9 pictorially shows a flow of the A/D con- 
V rted fading interference data among RAM 310, 
first latch 306, and first buffer 308. 

The component elements of fading signal com- 
ponent remover 30 in Rg. 7, as previously de- 
scribed, are commercially available and their type 
numt^ers are written in Rg. 7. 

The whole rewriting time of data in the memo- 
ries of 64k-RAM 310 is 38.4 msec x 32 = 1.23 
seconds and the scanning speed on the frequency 
base is 150 usee x 256 = 38.4 milliseconds. 

As described in detail above, according to the 
present invention, it is possible to provide a televi- 
sion interference-cancelling apparatus in which the 
frequency of the fading interference signal having 
th maximum signal level within a pred termined 
period, e.g.. one sweep p^eriod. can t>e d tected 
amor>g a plurality of fading interferences which are 
incoming into two sets of antennas, so that even if 
a number of fading interfer nces are incoming, one 
fading interference signal having the maximum sig- 



nal level can be effectively detected and the re- 
ceived TV signal is corrected based upon this 
fading interference signal and thus the fading-less 
TV reception signal can be achieved. 

5 In addition, the removal of* the fading interfer- 

ence mentioned above can be realized by merely 
two sets of separate antennas, so that there is 
another advantage such a low-cost interference- 
cancelling apparatus can be provided. 

10 While the invention has been described in 

terms of certain preferred embodiments, and ex- 
emplified with respect thereto, those skilled in the 
art will readily appreciate that various modifications, 
changes, omissions, and substitutions may be 

75 made without departing from the spirit of the inven- 
tion. 

For example, although 64k-RAM 310 has been 
used, RAM 310 is not limited to this type but other 
memories having various memory capacities can 

20 be also used. In addition, although one sweep 
period has been divided into 256 steps, it can be 
apparently divided into a different number of steps. 

In brief, a plurality of. fading interference sig- 
nals are converted into signals of low frequencies 

25 and further converted into digital signals. The aver- 
age (i.e.. fading-less) values regarding the digital 
fading signals for a predetermined period (in this 
example, thirty-two data collecting periods) are ob- 
tained. Next, the single digital fading-less interfer- 

30 ence signal having the level of the maximum valu 
is obtained from among the digital fading signals 
having the average values in a predetermined pe- 
riod (one sweep period in this embodiment). As a 
result, the gain and phase of the desired TV signal 

35 can be corrected without having adverse influenc 
by the fading interference signal, because the most 
effective fading interference signal component can 
be precisely removed from the desired TV signal. 
In the inventive circuit arrangement which can ex- 

4o ecute such fundamental signal processes, various 
well-known circuit elements can be used. 



Claims 

45 

1. An apparatus (100) for cancelling television 
fading interference characterized by comprising: 
first antenna means (11) for receiving a desired 
television (TV) signal to derive a first television - 

so (TV) output signal: 

second antenna means (12) positioned apart from 
the first antenna means (11) by a predetermined 
distance (d) and directed to the same direction as 
th first ant nna means (11), for receiving said 

55 desired TV signal to d rive a second television - 
(TV) output signal: 

first adder means (13) for adding th first TV output 
signal to the second TV output signal to derive a 
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summation signal (c); 

subtracter means (14) for subtracting the first TV 
output signal from the second TV output signal to 
derive a subtraction signal (A) containing a plurality 
of fading interference signals; 5 
signal searching means (20) for searching said 
subtraction signal (A) to detect said plurality of 
fading interference signals in a digital form; 
fading signal component removing means (30) for 
removing fading signal components from said plu- io 
raiity of fading interference digital signals by 
digitally averaging said plurality of fading interfer- 
ence digital signals to derive a plurality of fading- 
less interference digital signals; 

maximum value detector means (40) for detecting 75 
a maximum value from said plurality of fading-less 
interference digital signals to derive single digital 
data having said maximum value; 
frequency signal generating means (50) for gen- 
erating an analog frequency signal corresponding 20 
to said single digital interference data having the 
maximum value: 

gain/phase controlling means (16; 17; 18) for con- 
trolling an amplitude and a phase of said subtrac- 
tion signal (A) supplied from said subtraction 25 
means (14). based upon said single digital interfer- 
ence data having the maximum value to derive a 
gain/phase-controlled subtraction signal (A'); and 
second adder means (15) for adding said 
gain/phase-controiled subtraction signal (A*) to said 30 
summation signal (g) so as to derive said desired 
TV signal without having adverse Influences by 
said fading interference signals. 

2. An apparatus (100) as claimed In claim 1, 
characterized in that said signal searching means os 
(20) includes: 

an oscillator (21) for oscillating an oscillation signal 
having a center frequency (fc) with respect to said 
desired TV signal; 

a sweep signal generator (25) for generating a 4o 
sweeping signal having a predetermined frequency 
range (4 AO; 

a first voltage controlled oscillator (22) for produc- 
ing mixing signals (fc ± Af) by sweeping said 
oscillation signal having said frequency (fc ) within 4S 
said predetermined frequency range (± Af), based 
upon said sweepMng signal; and 
a frequency converter (23) for frequency-converting 
said subtraction signal (A) by mixing said mixing 
signals (fc± Af) therewith to obtain said digital fad- 50 
ing interference signals. 

3. An apparatus (100) as claimed In claim 2. 
characterized In that said frequency converter (23) 
is constructed of a mixer (231), a low pass filter 
(232), a sample/hold circuit (233) and an anaiog-to- 55 
digital converter (234), said circuits being series- 
connected to each other. 



5 14 V 

4. An apparatus (100) as claimed in claim 1. 
characterized in that said fading signal coinponent 
remover (30) is constructed by a digital fitter (300). 

5. An apparatus (100) as claimed in claim 4, 
characterized in that said digital fitter (300) in- 
cludes: 

a memory (310) for storing said digital fading inter- 
ference signals derived from said signal searching 
means (20); and 

a digitally averaging circuit (316; 318) for succes- 
sively adding said digital fading interference signals 
read out from said memory (310) within a predeter- 
mined data number to derive summed fading inter- 
ference signal component data, and for dividing 
said summed fading interference signal component 
data by said predetermined data number so as to 
derive digitally-averaged fading interference sig- 
nals, thereby producing said fading-less interfer- 
ence digital signals. 

6. An apparatus (100) as claimed in claim 5. 
characterized In that said digitally averaging circuit 
includes: 

a digital adder (316) for successively adding said 
digital fading interference signals read out from 
said memory (310) within said predetermined data 
number to derive said summed fading Interference 
signal component data; and 

a first latch (318) for latching said summed fading 
interference signal component data so as to take 
out a predetermined digit from said summed fading 
Interference, signal component data as said 
digitally-averaged fading interference signals. 

7. An apparatus (100) as claimed in claim 1, 
characterized in that said maximum value detector 
means (40) includes: 

a buffer (404) for temporarily storing said digitally- 
averaged fading interference signals derived from 
said fading signal component remover means (30): 
a second latch (406) for latching said fading inter- 
ference signals buffered in the buffer (404); and 
a comparator (402) having a first input (A) to re- 
ceive said fading interference signals from said 
second latch (406) and a second input (B) to re- 
ceive said fading interference signals directly from 
said fading signal component remover means (30), 
for comparing said fading interference signals of 
the first input (A) with said fading interference sig- 
nals of the second input (B) so as to derive said 
single digital data having said maximum value. 

8. An apparatus (100) as claimed in claim 2, 
characterized In that said frequency signal generat- 
ing means (50) includes: 

a frequency memory (54) for storing said single 
digital interference data having th maximum value 
s nt from said maximum value detector means - 
(40): and 

a second voltage-controlled oscillator (52) for pro- 
ducing said analog frequency signal by processing 
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said single digital interference data stored In the 
frequency memory (54) and 'said oscillation signal 
having said center frequency (fc) derived from said 
oscillator (21 ). 

9. An apparatus (100) as claimed in claim 1, s 
characterized in that said gain/phase controlling 
means is constructed of a variable gain amplifier - 
(16), a variable phase shifter (17) series-connected 



to the variable gain amplifier (16), and a gain/phase 
controller (18) coupled to said variable gain am- 
plifier (16) and said variable phase shifter (17). 

10. An apparatus (100) as claimed in claim 1, 
characterized in that said predetermined distance - 
(d) is substantially equal to a wavelength (X) of said 
desired TV signal. 
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@ An apparatus for cancelling television fading interference. 



@ A television fading interference-cancelling appa- 
ratus (100) includes two sets of TV antennas (11; 
12), a subtracter (14), and adder (13), a variable 
gain/phase controller (16; 17; 18) and digital fading 
cancelling means (20: 30; 40; 50). The digital fading 
canceiling means includes at least a fading signal 
component remover (30) and a maximum value de- 
tector (40). The fading signal component remover 
(30) receives a subtraction signal (A) from the sub- 
tracter (13) and digitally averages this signal (A) to 
remove the fading signal components contained 
therein. Then the maximum value detector (40) de- 
(V}tects a frequency signal having a maximum value by 
selecting the digitally averaged signals. This fre- 
l^quency signal is used in the variable gain/phase 
1^ controller (16; 17; 18) to control the gain and phase 
^ shift of a desired TV signal without having adverse 
^Influences by the fading interference signals. 
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